Abstract: This paper presents a new method for the alignment of the rotor of Permanent Magnet Synchronous Motors 4 (PMSM) with the phase axis of the stator during the start-up. Once the rotor alignment is achieved, the real rotor 5 position angle can be measured by using an incremental encoder and this value can be used in the Field Oriented 6 Control (FOC) of the motor. Typically a current is forced into the q-axis. In the proposed method a current is formed in 
real rotor position, θ ie is the incremental encoder position and θ dif f is the position error which is the difference when an incremental encoder is used, either the position error must be known and added to the value given by 27 the incremental encoder, or the rotor must be brought to zero position (phase-A position of the stator) before 28 starting the incremental encoder.
29
In applications using incremental encoders, there are various methods used to align the rotor with phase-A 30 of the stator. Most common methods are summarized in the following subsection. Although this method is satisfactory in most cases, it may not work in certain situations. If the initial 37 rotor position is very close to the stator phase-A when the V 1 vector is applied to the stator, the resulting torque 38 may be too low to rotate the rotor. In this case, there is a difference between the actual rotor position and the 39 measured position by the incremental encoder. This difference will reduce the torque during the motor control, but because the reduction is small, it may not be important. However, if the rotor initially is in the opposite 1 direction of phase-A axis (negative A), the applied vector V 1 will not be able to rotate the rotor; but this time 2 the difference between the measured and actual position values will be 180
• causing the motor control to fail. phase. In the latter method, first the V 3 vector is applied to bring the rotor to phase-B, and then the vector V 1 8 is applied to align with the phase-A. If the rotor initially is on phase-B or negative B it may not rotate with the 9 first applied vector, but rotates and aligns with phase-A when the second vector, V 1 is applied. This method 10 can be improved by applying the V 2 vector between the vectors V 3 and V 1 to better control the process.
11
The amplitude and duration of the vector to be applied to bring the rotor to a desired position is 
15
• If the rotor is in the opposite direction of phase-A (minus A) ( 180 is applied and the rotor is aligned with the phase-A as shown in Figure 9 . As seen in the figure, the 7 algorithm recognizes that there is no motion for nearly 250 milliseconds and applies the I q reference for 8 a few milliseconds. Afterwards the alignment procedure starts again and the alignment is completed at 9 nearly 550milliseconds. 
Experimental results

11
The proposed method has been tested at the laboratory. Two different motors, DC power supply Agilent
12
E3634A and AVAR servo driver unit which include Texas Instruments TMS320F28335 digital signal processor
13
and MOSFET inverter block have been used in the experiments. A motor with incremental encoder is used
14
for the first application of the proposed alignment method. The experimental-setup is shown in Figure 6 .
15
Parameters of motor are given in Table 1 .
16
PMSM with incremental encoder
Motor Driver right graphs are the alignment flags that mark the end of the alignment process. Figure 11 . Parameters of the motor 6 given in Table 2 . In order for the comparison to be clear, the motor was loaded with a high inertia load. Several The following conclusions can be made from the test results.
11
• Since the duration of the alignment process is not known beforehand, the time to apply the voltages 12 is determined by giving a certain margin of error when applying the B-A method. In the experiments 
PMSM with Resolver
Motor Driver Figure 11 . The experimental-setup for the motor with resolver 0.9 seconds). It is shown in Figure 13 . When the initial position is about 90
• relative to phase-A the 1 alignment takes about ≈ 0.45 seconds which is less than the half. It is shown in Figure 12 . By increasing 2 the speed reference value given in the proposed method, the alignment process can be completed in a 3 shorter time.
4
• In the B-A method, the applied voltage can be increased in order to reduce the alignment time. However, 5 the maximum speed of the rotor in the proposed method is slower than the maximum speed of that in 6 the B-A method, the alignment is completed in a shorter time.
7
• In the B-A method, the voltage value varies due to the torque required to align the rotor depending on the 
